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The purpose of t h i s  note i s  t o  put  i n  quan t i t a t ive  form 

a model of binaural  masking l e v e l  d i f f e rences  described qua l i -  

t a t i v e l y  i n  the  w r i t e r ' s  recent  paper on the  Equal izat ion and 

Cancel la t ion (EC) Model.' 

motivated by the  i n a p p l i c a b i l i t y  of both the  EC model and the 

Phase Detector (PHD) Mode12j3 t o  the experimental r e s u l t s  a t  

high frequencies .  I n  the  present model, a s  opposed t o  the  two 

j u s t  c i t e d ,  i t  i s  assumed t h a t  the phase information i s  l o s t  

a t  the periphery and tha t  the  binaural  i n t e r a c t i o n  i s  based 

purely on i n t e n s i t y  differences.  Although th i s  model can be 

regarded a s  a high frequency adjunct t o  e i ther  of the  o ther  

two models, i n  i t s  present  form, it i s  a more na tu ra l  extension 

of the PHD model than of the EC model. Spec i f ica l ly ,  i t  i s  

nothing more than the amplitude-domain counterpar t  of the  PHD 

model. 

The introduct ion of this model i s  

4 

Inasmuch a s  there  e x i s t s  a s u b s t a n t i a l  amount of data  t h a t  

i s  cons is ten t  with the notion tha t  the audi tory  system does not  

make use of phase information i n  high-frequency  signal^,^ the 

general  idea tha t  masking phenomena a t  these frequencies  a r e  

based on amplitude o r  i n t e n s i t y  comparisons i s  regarded by the 

w r i t e r  a s  a reasonable one. However, the  way i n  which t h i s  idea 

i s  incorporated i n t o  a spec i f i c  quan t i t a t ive  model i s  r a t h e r  

a r b i t r a r y ,  As i n  the  w r i t e r ' s  previous work, the  audi tory system 

i s  t r e a t e d  a s  a "black box" and no account i s  taken of the  per iph-  

e r a l  coding i n t o  nerve impulses o r  of the  b io iog ica l  data  on the  

cen te r s  of b inaura l  in te rac t ion .  I n  order  t o  make the model mean- 

ing fu l ,  one must assume t h a t  I t  can be t r ans l a t ed  i n t o  a physio- 

l o g i c a l  model i n  such a way tha t  the q u a n t i t i e s  of i n t e r e s t  remain 

. 
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inva r i an t  under the t r ans l a t ion .  

As i n  the wri ter’s  paper on the EC model, a t t e n t i o n  i s  

r e s t r i c t e d  t o  s t imu l i  i n  which ( a )  the s igna l  t o  be de tec ted  

i s  a pulsed tone of r e l a t i v e l y  long dura t ion  ( d u r a t i o n &  0.1 

sec ) ;  ( b )  the masking s igna l  i s  white Gaussian random noise  of 

r e l a t i v e l y  l a rge  bandwidth ( la rge  enough t o  contain the c r i t i -  

c a l  band); ( c )  the  power leve ls  of the  s igna l s  are  r e l a t i v e l y  
2 high (noise  spectrum l e v e l  2 40 dB r e  0.0002 dyn/cm ); ( d )  the 

s t imu l i  are  presented by means of earphones (the i n t e r a u r a l  

r e l a t i o n s  being cont ro l led  by means of e l ec t ron ic  c i r c u i t r y ) .  

The da ta  t o  be considered a r i s e  from the work of Hirsh,6 Hirsh 

and W e b ~ t e r , ~  

and Deatherage, 9y10 Jeffress, Blodgett ,  Sandel and Wood,3 Blodgett ,  

Jeffress,  and Taylor,” Green,’* and Dur1ach.l 

be denoted H, HW, HB, W, JBD, JBSW, BJT, c), and D, respec t ive ly .  

Inasmuch a s  the model i s  appropriate  only t o  f requencies  a t  which 

Hirsh and BurgeatY8 WebsterY2 J e f f r e s s ,  Blodget t ,  

These sources  w i l l  

the phase information i s  not used, a t t e n t i o n  w i l l  be focused on 

frequencies  above approximately 1400 cps; however, i n  order  t o  

put  the r e s u l t s  i n  a proper s e t t i n g ,  da ta  w i l l  a l s o  be p lo t t ed  

f o r  lower f requencies ,  

Let 

s ( t )  = s igna l  tone 

n ( t )  = masking noise 

y , ( t )  = t o t a l  s igna l  t o  ear j ( j  = 1, 2) .  

# 

The seven types of stimuli t o  be considered (denoted Em,m9 EO,O, 

and E ) are defined i n  Table I. For 
E-r,p’ Em,o> Ern,+ %,o, 0,p 

any s t imulus E among these seven, l e t  r ( E )  denote the inpu t  
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signal-power-to-noise-power r a t i o  corresponding t o  the de tec -  

L t i o n  threshold.  Roughly speaking, the  data  on the thresholds  

f o r  these s t imu l i  f o r  frequencies above ~ 1 4 0 0  cps i n d i c a t e  

the  following r e l a t i o n s :  

Of these r e s u l t s ,  the chief  surpr i se ,  according t o  those con- 

cerned w i t h  t h i s  f i e l d ,  i s  the lowered threshold for the  s t imu l i  

A f requent ly  voiced opinion has been t h a t ,  "s ince E 

the  audi tory  system i s  insens i t i ve  t o  phase a t  these frequencies ,  

changing the i n t e r a u r a l  phase of the  s igna l  or noise  component 

should have no e f f e c t  on the threshold,"  That the  conclusion of 

t h i s  argument i s  inco r rec t  is  proved by the da ta ,  The nature  of 

the  e r r o r  i n  t h i s  argument, however, depends upon the  meaning one 

a s s igns  t o  the expression " insens i t ive  t o  phase." I f  one means 

t h a t  that  the audi tory system i s  i n s e n s i t i v e  t o  changes i n  the 

r e l a t i v e  phases of the components of a s t imulus,  then the  con- 

c lus ion  i s  based on a f a l s e  premise. l3 If, on the other  hand, 

one means t h a t  the audi tory system i s  i n s e n s i t i v e  t o  changes i n  

the phase of the t o t a l  stimulus ( i . e o ,  only the  envelope of the 

t o t a l  st imulus i s  r e t a ined ) ,  then, although the  premise may be 

t r u e ,  the  conclusion does not follow from i t ,  I n  t h i s  case,  the 

and EO,B. 
T, 0 

premise i s  relevant  only t o  those binaural  masking s t imu l i  i n  wkeh 

. the i n t e r a u r a l  phase s h i f t  of the s igna l  component i s  i d e n t i c a l  t o  

t ha t  of the noise component, As w i l l  be seen below, changes i n  the  

i n t e r a u r a l  phase of one component r e l a t i v e  t o  the o ther  component 

produce corresponding changes i n  the i n t e r a u r a l  envelope r e l a t i o n s ,  
$ 
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Thus, even i f  the audi tory system i s  capable only of observing 

the envelopes of the stimuli, there  i s  no reason t o  bel ieve that 

the  threshold should remain f i x e d  when the phase of one of the 

components i s  changed, 

Denoting the angular  frequency of the tone s ( t )  by c1;) and 

assuming t h a t  the noise  n ( t )  has been passed through a bandpass 

f i l t e r  centered on LD (assumed t o  correspond t o  the  c r i t i c a l  

band around a), one can wri te  

where the  amplitudes a,(t) and v ( t )  and phases $(t) and v/  ( t )  

a r e  random funct ions t ha t  a r e  slowly varying i n  comparison w i t h  

the  c a r r i e r  funct ion cos(cut), 

j J 

Assume now t h a t  the  binaural  processing system has a v a l l -  

ab l e  t o  i t  only the power funct ions v,( t )  2 and v 2 ( t ) ,  2 the  phase 
funct ions yl(t) and y2(t) being l o s t  a t  the  periphery.  14  

Inasmuch a s  the s t imu l i  ET,p,Em,T, and E d i f fe r  from the 
0,T 

and E ( respec t ive ly)  only i n  the s ign  af p , o  s t imu l i  Eo,y Em,,, 

y 2 ( t ) ,  one concludes immediately t h a t  

A comparison of these equations with the experimental data  i s  

shown i n  Figs,  lI 2 and 3* (Note t h a t  i n  a91 f igu res  presented 



Durlach, JASA, p e  6 

i n  t h i s  paper the masking l e v e l  d i f fe rences  a r e  p lo t t ed  i n  dB.) 

Roughly speaking, whereas the first equat ion i s  cons is ten t  

w i t h  the  data fsr a l l  frequencies tes%ed,  the second two a re  

cons is ten t  w i t h  the data  f o r  a l l  f requencies  t e s t e d  above % 

400 cps, l5 

here,  i n  the following discussion, a t t e n t i o n  w i l l  be r e s t r i c t e d  

Since only the  high frequencies  are of i n t e r e s t  

t o  the s t imul i  Em,m9 EO,OJ EIIl,Q' and 

Assume, furthermore, that  the quant i ty  of 

binaura l  de tec t ion  procedure i s  the i n t e r a u r a l  

f unc t i on 

2 2 P(t) = V l ( t )  - v , ( t ) .  

concern i n  the 

power-difference 

( 7 )  

T h i s  quant i ty  p l ays  the  same role i n  the  present  model a s  the 

i n t e r a u r a l  phase-difference function plays i n  the  PKD model, 

The t o t a l  de tec t ion  procedure i s  assumed t o  be a combination 

of the monaural de tec t ion  procedure (a  process  t ha t  operates  

on each of the terms v ( t )  taken by i t s e l f )  and a binaural  de- 

t e c t i o n  procedure t h a t  operates  on P g t ) .  

always i d e n t i c a l l y  zero f o r  the st imulus E 

whether o r  not the s igna l  t o  be detected i s  p resen t ) ,  one eon- 

c ludes t h a t  there w i l l  be no binaural, improvement for E and 

t h a t  

2 
j 

Inasmuch as P ( t )  i s  

(independent of 
0 9 0  

0 3 0  

A comparison of this equation w i t h  the data is shown in Fig, 4, 

As i n  the case of the r a t i o  r(E 

iment appear t o  be cons is ten t  f o r  a l l  f requencies  t e s t ed ,  In  

the remarks t h a t  f ~ l l ~ w ,  no d is t inc teon  w i l l  be made between the 

1 / X " ( E ~ , ~ ) $  theory and exper- 
p , r  
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s t imu l i  E and Em,m, 
0 3 0  

given16 by 

For the stimuli E and E the  quan t i ty  P ( t )  i s  
p,o m,o 

When noise  alone i s  present ,  P ( t )  i s  i d e n t i c a l l y  zero  f o r  both 

s t imu l i ,  Thus the occurrence of a nonzero value f o r  P ( t )  impl ies  

the presence of a s igna l .  In o rde r  t o  incorporate  t h i s  f a c t  i n t o  

a de t ec t ion  model, i t  w i l l  be  assumed t h a t  b inaura l  de t ec t ion  

occurs when some s t a t i s t i c  Q r e l a t ed  t o  P ( t )  exceeds a c e r t a i n  

b inau ra l  threshold Tho 
no i n t e r a c t i o n  between monaural de t ec t ion  and b inaura l  de t ec t ion  

and t h a t  the u l t imate  dec is ion  a s  t o  the presence o r  absence of 

a s i g n a l  i s  the l o g i c a l  sum of the two component decis ions.  I n  

o the r  words, i t  w i l l  be assumed t h a t  the t o t a l  de t ec t ion  procedure 

r e s u l t s  i n  the output "s ignal  present ' '  i f  and only i f  the monaural 

de t ec t ion  procedure taken alone r e s u l t s  i n  t h i s  output o r  the bin- 

It will a l s o  be assumed t h a t  there i s  

a u r a l  de t ec t ion  procedure taken alone r e s u l t s  i n  t h i s  output,  17 

The thlcdeshold Tb w i l l  be assumed t o  be independent of frequency 

and independent of the type of stimulus. ( T h i s  threshold p lays  

the same r o l e  i n  the present  model a s  the  "fixed, minimum, i n t e r -  

a u r a l  time delay" plays i n  the  PHD model.) 

assumed t h a t  the time i n t e r v a l  during which the st imulus i s  observed 

i s  s u f f i c i e n t l y  long w i t h  respect  t o  the co r re l a t ion  time of n ( t )  

t o  a l low one t o  i d e n t i f y  time overages over t h i s  i n t e r v a l  with 

ensemble averages (denoted ( > 1, 

Fina l ly ,  i t  w i l l  be 



The p rec i se  choice of the s t a t i s t i c  Q i s  r a t h e r  a r b i t r a r y ;  

however, i t  i s  c l e a r  t h a t  ne i ther  the mean value of P(t) nor 

the maximum value of I F ( t ) \  i s  adequate. A choice of the form 

Q = f ( < P > ) ,  where f i s  an a r b i t r a r y  funct ion,  i s  inadequate 

because i t  f a i l s  t o  explain the r e s u l t  r(E ) = r ( E m , m )  / 2 ,  

Inasmuch as ( P >  = 0 f o r  E 

choosing Q = f( < P > )  would imply tha t  r(E 

Going t o  the o the r  extreme, i t  i s  equal ly  c l e a r  t h a t  choosing 

Q = Max 1 P ( t ) )  i s  inadequate since, given a long enough time 

i n t e r v a l ,  I P ( t )  1 
only t h a t  as  # 0. 

t h a t  the de tec t ion  performance could be made as  good as one p l eases  

merely by extending the in t e rva l  during which the stimulus i s  ob- 

served. 

should a l s o  be noted tha t  the r e j ec t ion  of these s t a t i s t i c s  i s  

equivalent  t o  'the assumption tha t  the b inaura l  audi tory  system 

i s  s e n s i t i v e  t o  the f luc tua t ions  i n  P(t). 

r e l a t i o n  time 0% these f luc tua t ions  i s  the r ec ip roca l  of the c r i t -  

r, 0 

(independent 0% the value of a s ) ,  IT, 0 

) = ??(EWbm). 
T90 

w i l l  exceed any given threshold 3, pmvided 

Thus, the choice sf t h i s  s t a t i s t i c  would imply 

With regard t o  s t a t i s t i c s  of the form Q = f (  < P >  ), i t  

Inasmuch as the cor- 

i c a l  

does 

bandwidth (of the okder of a few milliseconds), t h i s  assumption 

no t  appear unreasonable, 18  

The two choices for Q t h a t  w i l l  be considered are 
2 l/2 

Qcx = <P > 

The s t a A "  A rnL 
bJ.~b.I.G QCc as m2r;ely %he rms value of P(t). L U G  resu l t s  

of applying the s t a t i s t i c  Q tcr Eqs. ( 9 )  and ( l o )  @an be obtained 

d i r e c t l y  from these equations by rep lac ing  a n ( t )  with (sa ) 

and replacing $(t) w i t h  a value sf fl t h a t  produces a maximum, 

2 l/2 
B 
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i .e.,  @ = 0. (This procedure i s  analogous t o  the one used by 
;ci Webster f o r  the PHD modal. ) 

f o r  the st imulus E by Q ( E ) ,  one obtains  

Denoting the s t a t i s t i c  Q evaluated 

(13)  

(14) 

(15) 

(16) 

= 2 f i  a s < a n >  2 1/2 
Q w  IE7r,0 

4 2 2 b/2 

2 l /2  QB CET,o) = 4 8s < a n )  

QP CEm,o) = as + ' a s<an)  

Q m  <Em,,) = (as + 2's < a n >  

2 2 1/2 

For any given Q and E, b inaural  de tec t ion  i s  assumed t o  occur 

when Q(E) 2 Tb. 

Assuming t h a t  E i s  a stimulus i n  

the s igna l  i s  e f fec ted  binaural ly  (as  

one can compute the value of Tb ( a s  a 

specifying the s ignal- to-noise  r a t i o  

and equating Q(E) w i t h  Tbe According 

Figs ,  5 and 6 f o r  f requencies  above z 

inaa t e l y  , 
' (EoSo) / 'CE,,-J = 2 

"(E,,,) / rCE,,,) = 1- 

which the  de tec t ion  of 

opposed t o  monaurally) , 
funct ion of (a,) ) by 

as / < a n  > a t  threshold 

t o  the data  shown i n  

1400 cps, one has, approx- 

2 

2 2 

The f a c t  t h a t  the f i rs t  r a t i o  i s  g r e a t e r  than un i ty  implies  

t ha t  the  detect ion of the s i g n a l  I n  the s t imulus E i s  achieved 

b inaura l ly .  

impl ies  e i t h e r  t h a t  the detect isn of t h e  s igne l  in the st imglus 

E 

b inaura l  procedure lead t o  detect ion r e s u l t s  t h a t  a r e  i d e n t i c a l ,  

The f a c t  tha t  the second ratio i s  equal t o  un i ty  

i s  achieved monaurally OF t h a t  the  masonaural procedure and m,o 

Let t ing  K denote the  signal-Co-noise r a t i o  a8 2 / ( a n  2 > a t  threshold 
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for the  st imulus EOlo, one can r e s t a t e  the r e s u l t s  described 

by Eqs. (17) and (18) i n  terms of the threshold values19 'of 

a: /<a:) by wri t ing 

Eo,o: as 2 /<a;> = K  

ET,o: a: /(at) = K/2 

Em,o: af /(a:) = K , 

Assume now t h a t  the monaural detect ion procedure cons i s t s  

of comparing < v  > with a monaural threshold Tm. 

seven s t imu l i  considered i n  t h i s  paper, it can be assumed 

2 
J For the 

without loss of g e n e r a l i t y  that the monaural procedure operates  

on e a r  1 only. Thus, monaural de tec t ion  occurs when (v l>  2 = 

2 
as + (a:) LT,. 
(21), and denoting the binaural threshold Tb derived from the  

Making uera of Eqs. (13) - (16) and (19) - 

by Tb(Q,E), one obtains  f o r  the  

According t o  these equations,  a l l  of the  thresholds  vary 

l i n e a r l y  w i t h  the noise  power, 

thresholds  depend upon the  value chosen f o r  K, the  coe f f i c i en t s  

of (an  ) a r e  p lo t t ed  i n  Fig. 7. 

Ko(Q,), KO(&@),  Ko(Q,), and KO(%) are' discussed below.] 

I n  order  t o  see how the 

[ 2 The crossover po in t s  
I 1 
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If the  monaural threshold Tm is exceeded a t  a lower s igna l - to-  

noise  r a t i o  a: / < a n  > than the b inaura l  threshold Tb f o r  the 

s t imulus E i s  

e f f ec t ed  monaurally), then the  values of Tb derived from the 

E 

a t  the same value of a: / < a n >  a s  Tb ( so  t h a t  the de tec t ion  of 

the s igna l  i n  E can equal ly  well be regarded as  occurring 

b inaura l ly ) ,  then these values a re  re levant  and they must be 

2 

(so t h a t  the de tec t ion  of the s igna l  i n  E m,o 

data  a r e  i r r e l evan t .  If,  on the  o ther  hand, Tm i s  exceeded 
m,o 

2 

m,o 

cons i s t en t  w i t h  those obtained from the stimulus ET,oo Spe c i  f i - 
ca l ly ,  s ince  the threshold Tb was assumed t o  be independent of 

the  type O f  Stimulus, One I'fIuSt have Tb(Q,E 

Denoting the so lu t ion  of t h i s  equation by K = K o ( Q ) ,  one obta ins  

) ( K )  = Tb(Q,EB,O)(K). m,o 

K ~ ( Q , )  = 2.00 

K ~ ( Q @ )  = 0.69 

The cons t r a in t  on K i m p l i e d  by the f a c t  t h a t  Tb cannot be exceeded 

i s  2 2 a t  a lower value of as  / ( a n  > than Tm for the  s t imulus E m,o 
given by K & K o ( Q ) .  [The equal i ty  i n  t h i s  r e l a t i o n  not  only provides 

a so lu t ion  t o  the equation Tb(&,E ) ( K )  = Tb(Q,EB o)(K),  but  a l s o  

s p e c i f i e s  the value of K f o r  which monaural de t ec t ion  and b inaura l  

de t ec t ion  occur a t  the  same signal-to-noise r a t i o  f o r  the s t imulus 

E ~ , ~ " ]  FOP any choice of K t h a t  s a t i s f i e s  the r e l a t i o n  K L K  (Q), 

the empir ica l  Eqs. ( 9 )  and ( 1 0 )  can be derived from the model by 

choosing the b inaura l  threshold t o  be Tb(Q,E ) ( K ) .  F ina l ly ,  ~ r, 0 
i f  one r equ i r e s  t h a t  the monaural threshold Tm and the b inaura l  

m,o 9 

0 
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threshold Tb be equal (a hypothesis t ha t  would make the model 

more economical), then K must s a t i s f y  the equation T,(K) = 

Tb(Q,E, ) ( K ) .  Denoting the  solut ion of t h i s  equation by 

K,(Q), one obta ins  

I n  considering these r e s u l t s  on the value of K and the 

corresponding values  of Tm and Tb, three p o i n t s  should be noted, 

F i r s t ,  the r e s u l t  K = 1 i s  merely a restatement  of F l e t c h e r ' s  
2 hypothesis2' (used by Webster i n  h i s  work on the  PHD model ). 

Second, the values obtained f o r  K, Tm, and Tb are  obviously 

s e n s i t i v e  not  only t o  the choice of s t a t i s t i c ,  bu t  a l s o ,  t o  

the p r e c i s e  manner i n  which the data  a r e  f i t t e d .  A modest 

v a r i a t i o n  e i ther  i n  Q o r  i n  Eqs.( l7)  and (18) w i l l  r e s u l t  i n  

an appreciable  v a r i a t i o n  i n  the values f o r  K, Tm, and Tbe 

one should not  take the prec ise  values of these parameters a s  

spec i f i ed  by the  above equations too  s s r ious ly .  Only the orders  

of magnitude of these quan t i t i e s  have any s igni f icance .  Thi rd ,  

un le s s  K i s  chosen t o  be appreciably less than un i ty ,  the thresh- 

o lds  Tm and Tb determined by K a r e  considerably l a r g e r  than wha% 

one would expect from considering the r e s u l t s  on jus t -not iceable  

d i f f e rences  ( jnds )  i n  in t ens i ty .  For example, if one chooses 

Thus, 

2 K = 1 and uses  the s t a t i s t i c  QN, one has  Tm = Tb = 2 (an > e 

T h i s  impl ies  t h a t  the s igna l  goes undetected unless i t s  presence 
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r e s u l t s  i n  a power l e v e l  of the  t o t a l  st imulus t h a t  i s  a t  l e a s t  

3 dB above the  power l e v e l  of the noise.  

experiments, on the  o ther  hand, i nd ica t e  tha t  the jnd i n t e n s i t y  

threshold l i e s  i n  the  i n t e r v a l  0.5 t o  2.0 dB. 

discrepancy has been observed i n  the  PHD and EC models i n  the 

time domain. 2 2 )  

The r e s u l t s  of jnd 

( A  similar 

I n  conclusion, one should note t h a t ,  al though the s e t  of 

s t imu l i  considered i n  t h i s  paper was r e s t r i c t e d  t o  those involving 

i n t e r a u r a l  phase s h i f t s  of magnitude -rT ( i .e . ,  changes of s ign ) ,  

i t  i s  obvious tha t  the model can be appl ied t o  s t imu l i  i n  which 

the  phase s h i f t s  take on o ther  values  a s  wel l ,  However, i n so fa r  

a s  t he re  a r e  no high frequency data  f o r  these o ther  s t imu l i  and, 

even i f  there  were, the magnitude of the binaural  masking l e v e l  

d i f f e rences  would be extremely small ,  general iz ing the  model d i d  

not  appear t o  be worthwhile. 

As s t a t e d  previously,  t h i s  model provides a na tu ra l  extension 

of' the  PHD model t o  high frequencies. Roughly speaking, i t  can be 

derived from t h a t  model merely by replacing the word "phase" wi th  

the  word "power" wherever the  word "phase" occurs. In  order  t o  

ad jo in  i t  t o  the PHD model, one only need make the  assumption 

that ,  whereas a t  low frequencies,  the  var iab le  of concern i s  the 

i n t e r a u r a l  phase difference,  a t  high frequencies ,  the  var iab le  of 

concern i s  the  i n t e r a u r a l  power d i f fe rence ,  Whether or not  another  

high-frequency model can be constructed which provides an equivalent ly  

n a t u r a l  extension of the E6 model remains t o  be seen, 

The w r i t e r  is indebted t o  the  following people f o r  usefu l  d i s -  

cussions concerning the material  presented i n  t h i s  note: Po R, Gray, 

J, L, H a l l  11, E. A .  J e f f r e s s ,  A ,  W, Mills, T. T. Sandel, W. M, Sieber t ,  

J, v, Tobias, F. A. Wabstcr, and J, R e  Welch, 
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13. I n  order  t o  demonstrate the absu rd i ty  of t h i s  premise, 

suppose, f o r  example, that  the two components are i d e n t i c a l ,  

each having the  complcx spectrum F(u). The premise then 

implies  t h a t  the  aud i to ry  system i s  i n s e n s i t i v e  t o  the 

value of fl i n  the  st imulus F ( a )  + F(w)exp(i$), 

u l a r ,  choosing $ = 0 and fl = ar, one i s  l e d  t o  the absurd 

r e s u l t  t h a t  the audi tory  sys t em cannot d i s t ingu i sh  between 

the s t imu l i  2F(w)  and 0. Similar ly ,  i f  the complex spectrum 

of the t o t a l  s t imulus i s  given by F ( w )  = lP(w)\ exp [ i f l ( w ) ]  , 
and one takes  the components of the s t imulus t o  be the 

Four ie r  components of F(a), then the premise i m p l i e s  t h a t  

the audi tory  system i s  insens i t i ve  t o  va r i a t ions  i n  the phase 

spectrum $(a). To see that  t h i s  impl ica t ion  i s  absurd, one 

need only r e c a l l  the f a c t  that the energy spectrum of the 

Dirac d e l t a  func t ion  i s  iden t i ca l  t o  the power spectrum of 

white noise.  

I n  p a r t i c -  

14, Since v ( t )  i s  slowly varying i n  comparison w i t h  cos(cut), 

one can i n t e r p r e t  v ( t )  as being twice the average power 

i n  y , ( t ) ,  where the average i s  taken over a cycle  of cos(cat), 

2 
j 

3 

15. The s l i g h t  discrepancy between theory and experiment f o r  

) / r(E,,o) a t  f requencies  above 400 eps the! r a t i o  r(E 

i s  judged by the wr i t e r  t o  be i n s ign l f i can t .  
Q,T 
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17. The p o s s i b i l i t y  t h a t  the  t o t a l  de t ec t ion  procedure wight 

r e s u l t  i n  the output "signal present"  even though n e i t h e r  

of the  component procedures taken alone r e s u l t s  i n  t h i s  

output will be ignored, L, A. J e f f r e s s ,  H, C, Blodgett, 

T. T. Sandel, and C, L, Wood 111, op, @it r e f e r  t o  t h i s  

p o s s i b i l i t y  a s  "monaural contamination. I'  

- 

18. I f  T denotes the l eng th  of' the observation i n t e r v a l  and 

w the  w i d t h  ( i n  r ad ians )  of the c r i t i c a l  band, the assump- 

t i o n s  on the time constants  i n  the  s t imulus a r e  given by 

T >> 27r/w >> 27r/u. I f  the first r e l a t i o n  i s  v io l a t ed ,  

one cannot replace time averages by ensemble averages,  

If the second r e l a t i o n  is vio la ted ,  then v (t) w i l l  no t  

be varying slowly i n  comparison wi th  cos(ust) and the assunap- 

t i o n  t h a t  the audi tory  system i s  s e n s i t i v e  t o  f l u c t u a t i o n s  

i n  P ( t )  w i l l  be incons is ten t  with the assumption tha t  the 

audi tory  system cannot follow the c a r r i e r  func t ion  cos(wt) 

and make use of the phase information i n  

3 

( t ) ,  J 



19. The only d i f f e rence  between the s ignal- to-noise  ratio 

' / ( a n )  a t  threshold and the signal-to-noise r a t i o  2 

r is t h a t  caused by the f i l t e r i n g  a c t i o n  of the c r i t i c a l  

band. 

the c r i t i c a l  band i s  independent of the type of st imulus,  

It is assumed impl ic i ty ly  throughout t h i s  paper t ha t  

200 For a comparatively recent  discussion of F l e t c h e r ' s  

hypothesis ,  see,  fo r  example, J. A. Swets, Do M e  Green, 

and W. P. Tanner, Jro, "On the Width of Crit ical ,  Bands", 

J. Acoust. SQC, Am. - 34, 3.08-3.13 (1962)~ 

21. See, for example, A, W. M i l l s ,  "La te ra l i za t ion  0% High 

Frequency Tones", J, Acoust. SOC. Am, - 32, 132-134 (1960); 

a l s o  f u r t h e r  unpublished work by Mills. 

22. I n  both the E@ model and the PHD model, the time constant  

tha t  r e s u l t s  from applying the model to the  da ta  i s  con- 

s ide rab ly  l a r g e r  than t h e  jnd i n  time (see No I, Durlach, 

- ope a., p. l218), 



Figure Captions 

1. Masking l e v e l  d i f fe rence  s(E ) / r(EoPo ) as  a func t ion  
T,T 

of frequency, (Data obtained from H and HB,) 

2, Masking l e v e l  d i f fe rence  r ( E  ) / '(Emjo ) a s  a func t ion  m , r  
of frequency, (Data obtained from H and HB,) 

3. Masking level di f fe rence  s ( E  ) / r(ETj0 a s  a funct ion 
Q 9 7 b  

of frequency. (Data obtained from H and €Bo) 

4, Masking l e v e l  d i f fe rence  r(E ) / ??(EmPm ) as en funct ion 
090 

of frequency. (Data obtained from HB,) 

50 Masking l e v e l  d i f fe rence  s ( E  ) / r (ETbQ 1 as  a func t ion  
090 

of frequency. (Data obtained from H, HB, W, HW, JBD, BJT, 

JBSW, G, and D.) 

60 Masking l e v e l  d i f fe rence  r ( E  ) / P ( E ~ , ~  ) as a funct ion 
0 9 0  

of frequency, (Data obtained from H, MB, BJTa and G o )  

2 7. Dependence of normalized threshold T/(an > on %he value 

of K. 
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a Table I. Def in i t ion  of Stimuli. 

%,E 
E 0 

Em,O s ( t )  + n ( t )  

aThe first subscr ip t  on E r e f e r s  t o  the s igna l  

components and the second to the  noise  components. 

The subscr ip t  o denotes no i n t e r a u r a l  phase s h i f t ,  

the  subscr ip t  7r denotes an i n t e r a u r a l  phase s h i f t  

of magnitude T ,  and the subscr ipt  m means t h a t  the  

given component was presented monaurally. 
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